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HIGH-MOISTURE EAR CORN AND CORN SILAGE 
IN 8ACKGROUNDING CATTLE DIETS 
1 2 
M. L. S ip  , R. H. P r i t c h a r d  and M. A. Robbins 3 
Department o f  Animal arid Range Sciences 
CATTLE 88-3 
One hundred n ine ty - two  Angus x Limousin s tee r  ca lves (560 l b )  were used i n  an 85-day backgrounding t r i a l .  
D i e t a r y  crude p r o t e i n  l eve l s  o f  90, 100, 110 and 120% o f  the NRC f a c t o r i a l  equat ion recomnerxlation were used 
w i t h i n  ad l i b i t u m - f e d  co rn  s i l a g e  d i e t s  (CS) arid l i m i t - f e d  chopped h igh-mois ture  ear corn  (HMEC) d i e t s .  The 
o b j e c t i v e  was t o  determine i f  optimun d i e t a r y  crude p r o t e i n  Levels d i f f e r e d  between these two basal  d i e t s  when f e d  
a t  s i m i l a r  l e v e l s  o f  a net  energy o f  gain. By design o f  t he  experiment, d a i l y  d r y  matter i n t a k e  o f  HMEC d i e t s  was 
lower than CS d i e t s  (P<.001). ADG was s i m i l a r  across basal d i e t s  and feed conversion was improved (P<.001) w i th  
HMEC d i e t s .  D i e t a r y  crude p r o t e i n  l e v e l  d i d  not  a f f e c t  ADG. Quadrat ic  decreases i n  t he  p r o t e i n  e f f i c i e n c y  r a t i o  
occurred as d i e t a r y  crude p r o t e i n  Level increased (P<.01). Plasma urea N (PUN) l eve l s  were h igher  i n  ca lves fed 
HMEC d i e t s  (P<.05) arid increased q u a d r a t i c a l l y  w i th  increas ing d i e t a r y  crude p r o t e i n  Level on day 56 (P<.05). 
This s tudy suggests the NRC f a c t o r i a l  equat ion est imates the gram d a i l y  crude p r o t e i n  requirement and can be used 
wi thout  m o d i f i c a t i o n  t o  p r e d i c t  d i e t a r y  crude p r o t e i n  needs o f  L i m i t - f e d  feeder calves. 
(Key Words: Steer Calves, Crude Protein,  L im i t - f eed ing ,  ADG, Feed Conversion.) 
I n t roduc t i on  
Roughage-based backgrouriding programs can prov ide economical gains and a re  an important c rop market ing 
mechanism f o r  farmer-feeder operat ions i n  South Dakota. High v a r i a b i l i t y  i n  the energy content o f  roughages 
y i e l d i n g  poor p r e d i c t i o n  o f  average d a i l y  ga in  (ADG) and, f requent ly ,  a r e l a t i v e l y  expensive u n i t  cost  o f  net  
energy o f  ga in  compared t o  concentrates suggest a l t e r n a t e  feeding systems may b e n e f i t  feeding operat ions which 
r e l y  on subs tan t i a l  amounts o f  purchased feedstu f fs .  
An a l t e r n a t e  backgrounding management scheme may i nvo l ve  the use o f  h igh-concent ra te  d i e t s .  Use o f  
h igh-concent ra te  d i e t s  du r ing  the backgrounding phase would a l l ow  more accurate p r e d i c t i o n  o f  market ing dates. 
In takes o f  h igh-concent ra te  d i e t s  may have t o  be l i m i t e d  t o  smal l  o r  mediun framed ca lves t o  prevent excessive 
subcutaneous f a t  depos i t ion .  Excess c o n d i t i o n  may L im i t  subsequent pasture  ga ins  o r  reduce s laughter  weight. 
Use o f  l i m i t - f e d  h igh-concent ra te  (LFHC) d i e t s  may c rea te  management problems. L i m i t - f e e d i n g  may cause 
greater  ruminal  p r o t e o l y s i s  o f  d i e t a r y  crude p r o t e i n  and reduct ions i n  m ic rob ia l  growth t h a t  may r e s u l t  i n  reduced 
i n t e s t i n a l  amino a c i d  supp l ies  a v a i l a b l e  t o  support gains. Ad L ib i t um feeding i s  be l i eved  t o  be necessary f o r  
acceptable c a t t l e  performance t o  occur du r ing  the win ter .  Ad l i b i t u m  feeding a l lows ruminal  cond i t i ons  t o  be more 
s t a b l e  and maximizes the heat o f  fe rmentat ion which a ids  i n  main ta in ing body temperature du r ing  the win ter .  
I n te r rup ted  consumption o f  h igh l y ' f e rmen tab le  feed occurs w i t h  L im i t - f eed ing  programs. The c a l f ' s  rumen b u f f e r i n g  
c a p a b i l i t i e s  may be exceeded because o f  t h i s  s i t u a t i o n .  
The present s tudy had two ob jec t ives:  (1) t o  determine i f  opt imal  d i e t a r y  crude p r o t e i n  l e v e l s  d i f f e r e d  
between ad L ib i t um- fed  co rn  s i l a g e  d i e t s  (CS) arid l i m i t - f e d  chopped h igh-mois ture  ear corn  d i e t s  (HMEC) and (2)  t o  
determine i f  ca lves L i m i t - f e d  HMEC d i e t s  would perform s i m i l a r l y  t o  contemporaries fed  CS d i e t s  ad L ib i tum du r ing  
c o l d  weather cond i t ions.  
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Mater ia ls  and Methods 
Steer calves a r r i v e d  a t  the feedlot  4 wk p r i o r  t o  i n i t i a t i o n  o f  the 85-day backgrounding t r i a l .  They were 
vaccinated f o r  IBR, BVD, P I  BRSV, Haemophilus sonnus and t reated f o r  paras i tes (Ivermectin) a t  tha t  time. The 
3' 
steers were fed  a corn s i l age  receiv ing d i e t  u n t i l  i n i t i a t i o n  o f  the t r i a l .  Steers were randomly a l l o t t e d  t o  
24 pens o f  8 head each. Two steers were removed from the t r i a l  due t o  causes unrelated t o  experimental treatment. 
Shrunk weights were taken on day 85 a f t e r  a 24-hour feed and water withdrawal. 
Predic t ions fo r  d r y  matter in take (DM11 and n u t r i e n t  requirements were based on the estimated mean weights of 
s teers f o r  each o f  the three 28-day feeding periods. Ind iv idua l  steer weights were taken every 14 days t o  a i d  
p red ic t ion  o f  the mean steer weights w i t h i n  each period. 
Ad l i b i t u m  consmption o f  CS d i e t s  was allowed throughout the t r i a l .  Intakes o f  HMEC d i e t s  were l i m i t e d  t o  
provide energy leve ls  s u f f i c i e n t  t o  support ADG1s s i m i l a r  t o  CS d i e t s  based on the ca lcu lated net  energy values o f  
the d i e t s  (Tabl 1). For formulat ion purposes, ad l i b i t u n  consmption o f  CS d i e t s  was estimated t o  be 
.P5 
100gDMl /kg  w t  . 
Ingredient CS HMEC 
Corn silage 












All diets provided >17,000 IU of vitamin A/head/day and 
210 mg/head/day of monensin. 
Percentage dry matter basis. 
C 
CS = corn silage, HMEC = chopped high-moisture 
ear corn. 
Calculated values. 
Die ta ry  crude p r o t e i n  levels  o f  90, 100, 110, and 120% o f  the gram d a i l y  crude p r o t e i n  requirement 
recomnended by the NRC f a c t o r i a l  equation were used w i t h i n  each basal d i e t  (Table 2). Res t r i c t ing  DM1 of HMEC 
d i e t s  resul ted i n  a lower gram d a i l y  crude p ro te in  requirement fo r  HMEC d i e t s  because of a lower est imation of 
d a i l y  metabolic fecal  N loss. T.he NRC f a c t o r i a l  equation estimates metabolic fecal  N losses as being 3.34% of 
D M I .  A l l  other components o f  the NRC f a c t o r i a l  equation were considered s i m i l a r  across basal d ie ts .  Monensin 
was included i n  a l l  d i e t s  a t  Levels o f  210 mg/head/day. 
TABLE 2. DIETARY CRUDE PROTEIN CONTENT OF CORN SILAGE 
AND HIGH-MOISTURE EAR CORN DIETS 
b 
Dietarv crude protein leveld 
Basal diet CP-90 CP-100 CP-110 CP- 120 







Period I1 (29-56 days) 
Period I11 (57-84 days) 
a 
Percentage of the gram daily crude protein requirement recommended by the 
NRC factorial equation. 
b 
CS = corn silage, HMEC = chopped high-moisture ear corn. 
Jugular blood samples were taken from the same four steers per pen before feeding on days 56 and 84 for  
determinat ion o f  PUN concentrations. 
Variables used t o  evaluate basal d i e t  and d ie ta ry  crude p ro te in  Level e f f e c t s  were ADG, feed conversion, 
p ro te in  e f f i c i e n c y  r a t i o  (PER; Lb o f  ADG/lb o f  crude p ro te in  intake, d a i l y )  and plasma urea n i t rogen (PUN) 
concentration. Data were analyzed using procedures appropriate f o r  a 2 x 4 f a c t o r i a l  model. Dietary  crude 
p ro te in  Levels o f  90, 100, 110, and 120% o f  the NRC f a c t o r i a l  equation recomnendation across basal d i e t s  are 
abbreviated CP-90, CP-100, CP-110, and CP-120, respect ively. S ign i f i can t  crude p ro te in  leve l  e f f e c t s  were tested 
f o r  Linear, quadratic, o r  cubic responses. Treatment means were separated by contrasts o f  CP-90 vs CP-100, CP-110 
and CP-120; CP-100 vs CP-110 and CP-120; and CP-110 vs CP-120. No in teract ions ex is ted between basal d i e t  and 
crude p ro te in  leve l  a l lowing independent discussion o f  each. 
Results and Discussion --
This study was conducted from December 12, 1987, t o  February 26, 1988. The average ambient temperature was 
0 
11 OF. Temperatures o f  less than -20 F were recorded on nine occasions during the study. 
Cumulative d a i l y  DM1 were 15.52 7 ~ d  13.49 Lb/day f o r  CS and HMEC diets ,  respect ive ly  (P<.001). These DM1 
corresponded t o  97.9 and 84.8 g/kg w t '  f o r  CS and HMEC diets ,  respect ive ly  (Table 3). 
Gains were s i m i l a r  across basal d i e t s  (Table 3), i nd ica t ing  LFHC d i e t s  could be used as a management 
a l te rna t i ve  fo r  backgrounding c a t t l e  i n  South Dakota. Reduced feedlot performance would have occurred i f  an 
i n a b i l i t y  t o  maintain body temperature o r  higher incidence o f  d igest ive upset had occurred f o r  s teer  calves fed 
HMEC d ie ts .  
Average d a i l y  gain was s i m i l a r  across d ie ta ry  crude p ro te in  levels  (Table 4), suggesting crude p ro te in  needs 
were s a t i s f i e d  by feeding 90% o f  the estimated crude p ro te in  requirement. Low e f f e c t i v e  ambient temperatures 
dur ing the study may have increased energy requirements such that  p ro te in  was not l i m i t i n g  growth. Canadian 
research has shown tha t  co ld  temperatures cause increased gast ro in test ina l  t r a c t  m o t i l i t y ,  r e s u l t i n g  i n  reduced 
ruminal degradation o f  d i e t a r y  crude p ro te in  and increased microbial  p ro te in  product ion e f f i c iency .  This may have 
enhanced u t i l i z a t i o n  o f  crude p ro te in  f o r  growth. 
TABLE 3. EFFECT OF BASAL DIET ON FEEDLOT PERFORMANCE 
Basal dieta 
Initial wt, lb 
Final wt, lb 
ADG, lb 




PUN (day 56), mg/dl 
d 
PUN (day 84), mg/dl 
a CS = corn silage, HMEC = chopped high-moisture ear corn. 
Basal diet effect (Pi. 001) . 
C Protein efficiency ratio. 
Basal diet effect (P<. 05). 
TABLE 4. EFFECT OF DIETARY CRUDE PROTEIN LEVEL ON FEEDLOT PERFORMANCE 
Dietarv crude protein levela 
CP-90 CP - 100 CP-110 CP- 120 S EM 
Initial wt, lb 562 
Final wt, lb 7 6 1 
ADG, lb 2.31 




PUN (day 56), mg/dl 10.85 
PUN (day 84), mg/dl 9.37 
a Percentage of the gram daily crude protein requirement based on the NRC 
fac orial equation. 6 Protein efficiency ratio. 
C Quadratic effect (P<.05). 
CP-100 differs from CP-110 and CP-120 (Pi.05). 
e CP-100 differs from CP-110 and CP-120 (P<.01). 
CP-110 differs from CP-120 (P<.01). 
Louer DM1 o f  HMEC d i e t s  supported ADG s i m i l a r  t o  CS d i e t s  (Table 31, r e s u l t i n g  i n  be t te r  feed conversions 
occurr ing f o r  HMEC d i e t s  (P<.001). Feed conversion uas s i m i l a r  across d i e t a r y  crude p r o t e i n  Levels (Table 4).  
S imi lar  PER occurred across basal d i e t s  (Table 3). Higher gram d a i l y  crude p r o t e i n  intakes occurred u i t h  
HMEC than CS d i e t s  dur ing the feeding per iod (P<.001). This uas the r e s u l t  of d a i l y  DM1 o f  HMEC d i e t s  being a 
higher percentage of CS d i e t  d a i l y  DM1 than o r i g i n a l l y  estimated. The NRC est imation f o r  metabolic feca l  N loss 
(3.34% x D M I )  suggests more e f f i c i e n t  u t i l i z a t i o n  o f  d ie ta ry  crude p ro te in  should have occurred wi th  HMEC d ie ts .  
Steers f e d  HMEC d i e t s  had h igher  PUN leve l s  on day 56 (Table 3; P<.05) than ca lves f e d  co rn  s i lage.  Ruminal 
p r o t e o l y s i s  r a t e s  u i t h  HMEC d i e t s  may have exceeded b a c t e r i a l  N uptake c a p a b i l i t i e s .  Actua l  gram d a i l y  crude 
p r o t e i n  in takes uere h igher  (P<.001) f o r  HMEC than CS d i e t s  du r ing  pe r iod  11. The average analyzed HMEC d i e t a r y  
crude p r o t e i n  percentage across the  fou r  d i e t a r y  crude p r o t e i n  Levels was 15.31%. Once d a i l y  feeding and rap id  
consumption o f  feed d e l i v e r i e s  u i t h  HMEC d i e t s  may have con t r i bu ted  t o  e levated PUN Levels. 
D i e t a r y  crude p r o t e i n  l e v e l  e f f e c t s  on the  PER and PUN Levels u i l l  be discussed simultaneously,  as s i m i l a r  
f a c t o r s  probably a f fec ted  each va r iab le .  The PER decreased q u a d r a t i c a l l y  (P<.05) as d i e t a r y  crude p r o t e i n  Level 
increased (Table 4). Day 56 PUN concentrat ions increased q u a d r a t i c a l l y  (P<.05) i n  response t o  increas ing crude 
p r o t e i n  in take.  Lower PER and h igher  PUN occurred f o r  s tee rs  f e d  CP-110 and CP-120 than CP-100 (P<.05). 
Analyzed d i e t a r y  crude p r o t e i n  percentages o f  t he  CP-100 treatment f o r  CS and HMEC d i e t s  uere 12.01 and 
14.31%, respec t i ve l y .  As d i e t a r y  crude p r o t e i n  percentages increased above these leve ls ,  the p o t e n t i a l  f o r  
r u n i n a l  N u t i l i z a t i o n  uas probably exceeded, r e s u l t i n g  i n  Lowered N u t i l i z a t i o n  e f f i c i e n c y .  Average d a i l y  ga in  
d i d  no t  increase when crude p r o t e i n  was increased beyond 90% o f  t he  est imated requirement. Plasma urea N 
concent ra t ions and PER suggest crude p r o t e i n  requirements f o r  s tee rs  on HMEC d i e t s  uere probably met u i t h  CP-100. 
These data  may be i n t e r p r e t e d  t o  i n d i c a t e  that ,  u h i l e  l i m i t i n g  feeding may no t  a l t e r  d a i l y  N requirements, the 
mechanism o f  N metabolism may d i f f e r  and t h a t  recyc l i ng  may become r e l a t i v e l y  more important uhen calves are  
l i m i t - f e d  h igh-concent ra te  d i e t s .  
